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ABSTRACT: Cisplatin is a chemotherapeutic agent that is the first to enter treatment from organic platinum-derived
drugs. Nephrotoxicity and cytotoxicity are major factors that limit its use. The aim of the study is to investigate the
possible protective effects of quercetin against cisplatin-induced urogenital organ toxicity. In our study, Sprague
Dawley four month old male rats were divided into 4 groups; control + saline (SF), control + quercetin (20 mg/kg for
21 days), cisplatin (7 mg/kg as a single dose) + SF and cisplatin + quercetin groups. After decapitation, the kidney,
bladder, testis and corpus cavernosum tissue samples were taken to analyze caspase-3, an index of apoptosis, and
oxidative stress parameters such as malondialdehyde (MDA), gluta-thione (GSH), and 8-hydroxy-2' -deoxyguanosine
(8-OHdG). Furthermore, tissues were also examined histologically. Cisplatin caused significant increases in MDA and
8-OHdG levels, demonstrating increases in lipid peroxidation and oxidative DNA damage, respectively, in all tissues.
In parallel with the oxidant stress increase, the endogenous strong antioxidant GSH levels were decreased. Caspase
activity and caspase 3 expressions, which we measured as an indicator of apoptosis, increased significantly with
cisplatin treatment. On the other hand, treatment with quercetin, a powerful antioxidant flavonoid, reversed these
changes. Histological findings also demonstrated well-preserved tissues due to quercetin treatment. In conclusion, our
results suggested that quercetin, when given with cisplatin, can be protective against the chemotherapeutic induced
toxicity and thus provide therapeutic benefit.
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1. INTRODUCTION

Platinum compounds are broad-spectrum antineoplastic drugs, and cisplatin is the first agent of this
group to be utilized for treatment [1]. It is effective in various types of solid cancers (such as testicular, ovarian,
bladder, prostate, head and neck cancers) and is therefore widely preferred in chemotherapy protocols.
Cisplatin and its analogue carboplatin have been successfully used in the treatment of tumor types that do not
respond to other treatments [2].

As with other alkylating antineoplastic drugs, cisplatin forms cross-links in DNA structure and causes
DNA damage. This damage preventing DNA replication and RNA synthesis, slow cell growth especially in
rapidly growing cells like cancer cells [3]. Furthermore, cross-linking can further increase the DNA damage.
If DNA damage is mild, it can be repaired with DNA repair mechanisms, but if there is more DNA damage,
the cell injury becomes irreversible. While this mechanism is necessary for cancer cells, DNA damage that
develops in other tissues and cells, causes drug-induced toxicity [4].

Among mechanisms responsible in cisplatin cytotoxicity, reactive oxygen species (ROS) formation that
causes oxidant damage is known as an important contributor [5-7]. Since ROS are known to damage lipids,
proteins and nucleic acids, cisplatin could cause multiorgan oxidant damage through generation of ROS
during its metabolism [4].
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Flavonoids are low molecular weight phenolic compounds and are found in vegetables, fruits, nuts,
seeds, spices and flowers [8]. Quercetin that belongs to flavonoid family, is an important antioxidant and has
been reported to have beneficial effects on human health [9]. Besides its antioxidant activity, it has antiviral,
anti-bacterial, anticarcinogenic and antiinflammatory effects [10]. Cisplatin toxicity was mostly studied on kid-
neys; however other tissues were not studied in detail. Therefore, in this study the effects of quercetin against
cisplatin-induced toxicity in urogenital organs, such as kidney, bladder, corpus cavernosum and testicular
tissues were investigated.

2. RESULTS
2.1. Biochemical Results

As shown in Table 1, when compared with the control group MDA levels, an index of lipid peroxidation,
and 8-OHdG levels, an index of DNA damage, respectively, were found to be significantly (p<0.05-0.001)
increased in all tissues studied, showing cisplatin-induced increased oxidative stress. Similarly, due to
cisplatin-induced oxidative stress, caspase-3 enzyme activities of tissues, an apoptotic marker, were also
increased significantly (p<0.05-0.001). On the other hand, in the QT-treated group these oxidative stress
markers were found to be decreased significantly (p<0.05-0.001).

When we evaluated the GSH results, it is found that CP-induced oxidative stress depleted the tissue
stores of this important antioxidant.

Table 1. Malondialdehyde (MDA), glutathione (GSH) and 8-hydroxydeoxyguanosine (8-OHdG) levels in
the kidney, bladder, corpus cavernosum and testicular tissues of control (C), quercetin (QT), cisplatin (CP)

and CP+QT groups.
C QT CP CP+QT
Kidney 20.0+£3.0 222+21 364 +£2.7%* 205+£1.4+
Bladder 191+£1.2 20.6+1.5 31.7+£21%* 171+1.6+
MDA
(nmol/g tissue) C.Cavernosum 11.4+0.4 12.7 £0.7 171+1.1**  104+09+
Testis 11.6+1.2 10.2+04 186+15* 13.9+£24 +
Kidney 8.5+0.8 65+14 149+0.6** 10105 **
Bladder 29+04 49+09 13.2+20%* 58+1.1+
8-OHdG
(ng/mg DNA) ¢ Cavernosum 6.720.1 5.6+04 88L04% 37103 %
Testis 111+13 78+13 187+1.0** 131+£0.8+
Kidney 211+1.2 21.6+1.6 3524 +38* 244+12+
Caspase-3 activity ~ Bladder 16.1+1.4 16.2+1.3 227+£18* 16.1+£0.8 *
(nmol pNA/min/mg
protein) C. Cavernosum 11.2+0.9 123 +1.0 17.7 £0.8 ** 135+1.1+
Testis 16.7 £0.6 174 +1.6 33.8+49** 227+16+
Kidney 25+02 21+0.1 1.5+02** 26+03+
GSH Bladder 32+02 31+03 1.8+0.1** 31+02+
(umol/g tissue)
C. Cavernosum 1.2+0.1 1.1£0.2 06+01* 1.2+£01+
Testis 2.8+0.2 25+0.2 1.1+£0.1 *** 1.9+0.1 **, ++

*p<0.05, ** p<0.01, *** p<0.001: compared with control group.
+ p<0.05, ++ p<0.01, +++ p<0.001: compared with CP group.
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The expressions of caspase-3 enzyme in kidney, bladder, corpus cavernosum and testis tissues were
found to be significantly increased (p <0.01) compared to the control (Figure 1). On the other hand, caspase-3
enzyme expressions of all the tissues studied in the quercetin treated CP group decreased significantly (p
<0.05) compared to the un-treated cisplatin administered group. When compared to the control group,
although kidney and testicular tissues of caspase expressions of QT-treated CP rats were found to be closer to
the control, cavernosal and bladder tissues enzyme expressions were still higher than that of the control.
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Figure 1. Caspase-3 western blotting (right) and their densities (left) in the A) kidney, B) bladder, C) corpus
cavernosum and D) testis tissues of control (C), quercetin (QT), cisplatin (CP), and CP+QT groups.

2.2. Histological Results

In the C and QT groups, regular morphology of kidney, urinary bladder, testis and corpus cavernosum
(Figure 2A, B - 5A, B) was observed.

In the CP group, severe degeneration of the tubular epithelium, dilatation of Bowman's space and
glomerular congestion and inflammatory cell infiltration in the kidney were observed (Figure 2C). The urinary
bladder (Figure 3C) showed disorganization of the urothelium with desquamation in some region and mild
inflammatory cell infiltration in this group. Corpus cavernosum (Figure 4C) showed mild endothelial
degeneration, inflammatory cell infiltration and disorganized smooth muscle cells and testis tissue (Figure 5C)
showed degenerated and atrophic tubules in the CP group.

Cisplatin and quercetin applied groups showed mild degeneration in renal corpuscles and tubules in
kidney (Figure 2D), quite regular urothelium in urinary bladder (Figure 3D), quite regular endothelium and
smooth muscle cells in corpus cavernosum, (Figure 4D) and decreased number of degenerated and atrophic
tubules in testis (Figure 5D).

Figure 2. Representative photomicrographs of kidney in experimental groups. Regular parenchyma mor-
phology of kidney in control groups (A, B); glomerular congestion, degenerated tubules and inflammatory
cell infiltration in cisplatin applied group (C); decreased glomerular congestion, degenerated tubules and
inflammatory cell infiltration in cisplatin and quercetin applied group (D). Bowman's space (*), degenerated
tubules (arrow) and inflammatory cell infiltration (arrowhead). H&E staining, scale bars: 50 mm.
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Figure 3. Representative photomicrographs of urinary bladder in experimental groups. Regular mucosa
with urothelium in control groups (A, B); degeneration of the urothelium in some region in cisplatin applied
group (C); quite regular urothelium in cisplatin and quercetin applied group (D); Arrowhead: inflammatory
cell, H&E staining, scale bars: 100 pm and inset: 20 pm.

Figure 4. Representative photomicrographs of corpus cavernosum in experimental groups. Regular corpus
cavernosum morphology in control groups (A, B); mild degeneration of endothelial cells, inflammatory cells
and disorganized smooth muscle cells in cisplatin applied group (C); quite regular endothelium and smooth
muscle cells in cisplatin and quercetin applied group (D). Arrow: endothelium, arrowhead: inflammatory
cell, *: smooth muscle cells, H&E staining, scale bars: 50um and inset: 20pm.

Figure 5. Representative photomicrographs of testis in experimental groups. Normal testis morphology with
seminiferous tubules in control groups (A, B). Degenerated seminiferous tubules (d) with irregular
arrangement of germinal and Sertoli cells with loss of intercellular tight junctions in cisplatin applied group
(C); increased number of normal (n) tubules in cisplatin and quercetin applied group (D). H&E staining,
Scale bar: 100um and inset: 20pum.
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3. DISCUSSION

Cisplatin is a chemotherapeutic drug that has been used for many years in the treatment of many types
of cancers such as head and neck, solid testicle, prostate, and bladder. Dose-related nephrotoxicity and
cytotoxicity are the most important side effects that limit its use [11, 12]. As a result of single dose cisplatin
administration, the drug accumulates locally in the proximal tube, while long-term cisplatin administration
causes damage to the proximal tube, as well as distal tubule, glomeruli and interstitial connective tissue,
causing chronic renal failure [12-14]. On the other hand, the importance of oxidative stress in CP toxicity was
clearly emphasized and studies with antioxidants in cisplatin toxicity have positive results in the literature. In
light of this information, we examined whether quercetin has protective effects against cisplatin toxicity in
urogenital tissues.

In the case of oxidative stress, increased production of reactive oxygen species causes damage to cell
components (lipid, protein DNA), while antioxidant defenses weaken [15, 16]. Sener et al has demonstrated
the protective effects of melatonin, a powerful antioxidant, against CP toxicity. They suggested that CP caused
depletion of GSH stores, which is associated with increases in lipid peroxidation in kidney tissues [17].
Similarly, in the study of Mayada et al. following a single dose CP, administration of curcumin nano particules
effectively protected against hepatic and renal damage through its antioxidant and anti-inflammatory
properties [18]. Cisplatin toxicity is mostly examined in kidney, liver and testicular tissue; however, there is
little study in bladder and cavernous tissue and there is no quercetin study in these urologenital structures. In
the study of Malik et al., a citrus flavonoid nobiletin, that has antioxidant anti-inflammatory and antiapoptotic
properties, was investigated against CP toxicity. Following CP administration, increased blood urea nitrogen
and creatinine levels demonstrated impaired kidney function and increased MDA levels demonstrated
increased oxidative stress. In a parallel with increased oxidative stress, CP had caused decreased in
antioxidants; GSH levels and SOD and CAT activities. Furthermore, CP caused apoptosis where Bax and
caspase expressions were increased and Bcl-2 was decreased [19]. On the other hand, nobiletin had depressed
the activation of apoptotic pathway, decreased DNA damage, and thus protected kidney tissues and functions.

In another study, CP toxicity was investigated in testis and the data demonstrated decreased testicular
and epididimal weight, sperm count and motility, GSH-Px and SOD activities and GSH levels while MDA
levels were found to be increased. On the other hand, treatment with grape seed extract attenuated CP-
induced lipid peroxidation, oxidative stress and thus, harmful effects of CP on genital organs. Accordingly,
they concluded that grape seed extract could be protective against testicular injury caused by CP [20].

Salem et al examined the protective effects of selenium and lycopene administration against the CP-
induced oxidative stress and demonstrated decreased lipid peroxidation and attenuation of genital organ
injury [21]. Similarly, Almaghrabi et al.,, after applying quercetin to rats for 30 days following 5 days of
cisplatin treatment, they investigated antioxidant gene expression and antioxidant enzyme activity in kidneys
and observed that CAT, SOD, GPx and GR values decreased in rats administered with cisplatin compared to
the control group. On the other hand, these antioxidants were increased after quercetin treatment [22].
Furthermore, vitamin C and E values were also measured in these rats after cisplatin administration and found
that antioxidant vitamin levels were also decreased in CP treated rats [22]. In our study, MDA levels, which is
an indicator of lipid peroxidation, in all tissues as kidney, bladder, testicle and corpus cavernosum of cisplatin-
treated groups, were found to be significantly increased and are in accordance with the literature.
Furthermore, cisplatin toxicity was depressed with quercetin treatment in these organs. Quercetin is an
antioxidant belonging to the flavon group found in vegetables and fruits, which has been used for therapeutic
purposes for many years. In addition, it has been shown to be antiviral, antiinflammatory and anticarcinogenic
[9,10]. In the study of Elbe et al., STZ-induced experimental diabetic rats were treated with melatonin,
quercetin and resveratrol, and MDA, SOD, GSH and CAT values were measured. The MDA value was found
to be high in diabetic rats, SOD, GSH and CAT values were found to be lower than the control. While, the
MDA value decreased after the antioxidant treatment, CAT and GSH activities have increased [23].

The antiapoptotic properties of quercetin and its protective effects on tissues have been studied in
various organs. It has been shown that experimental vascular calcification induced by inorganic phosphate
with both in-vitro and in-vivo, causes increased oxidative stress, mitochondrial dysfunction and increased
apoptosis. In contrast, quercetin has been reported to inhibit mitochondria-dependent apoptotic events,
cytochrome-c release, and thus prevent vascular calcification by inhibiting oxidant damage [24]. Park et al.
had investigated quercetin against ischemic brain injury and demonstrated that ischemia-induced glutamate
and caspase-3 increases were effectively suppressed [25]. Examining the effects of quercetin supplementation
against aging caused by D-galactose in the pancreatic and kidney tissues, El-Far and colleagues reported that
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this substance may be effective in preventing aging-related oxidant damage and suppress apoptotic and
inflammatory events [26]. Furthermore, in doxorubicin-induced cardiotoxicity, quercetin treatment, by
increasing the antioxidant levels, suppressed ROS formation and caspase activity and thereby corrected the
mitochondprial function [27]. In our study, CP stimulated apoptosis by oxidative stress and as a result, both
activity and procaspase expression of caspase increased in tissues. In contrast, with quercetin treatment,
apoptosis was reduced in urogenital structures.

8-OHdG is one of the main products of the oxidation of DNA. The 8-OHdG concentration in the cell is
a measure of oxidative stress. In the study of Tsuji et al, rats were treated with dimethylthiourea (DMTU)
following cisplatin administration for 5 days. Increased serum creatinine, 8-OHdG, and tubular damage, by
CP, significantly inhibited with DMTU. DMTU also inhibited the increase in Bax levels seen in the CP group.
These findings have shown quercetin to be protective against acute renal damage due to cisplatin and prevent
apoptosis in Bax-mediated renal tubular cells [28]. Similarly, according to our results, DNA damage was
significantly increased in all tissues as a result of cisplatin treatment while DNA damage was found to be
significantly lower after quercetin treatment.

4. CONCLUSION

As a conclusion, the present study demonstrated that CP caused oxidative damage in urogenital organs
while quercetin administration protected the tissues. However, more extensive experimental and clinical
research is needed to employ quercetin for this purpose in the clinic.

5. MATERIALS AND METHODS
5.1. Animals and ethics

In our study, weighing 250-300 g male Sprague Dawley rats were used. During the experiment, rats
were kept in 20 °C + 2 temperature and laboratory conditions with 12 hours light/12 hours dark environment.
This study was done with the approval of Marmara University Animal Ethics Committee (No: 99. 2013.mar).

5.2. Groups and cisplatin toxicity

Rats were divided into 4 groups as control (C), quercetin (QT), cisplatin (CP) and CP+QT. Control rats
were administered saline (0.1 ml/100 g) intraperitoneally (ip) once, followed by saline administration orally
for 21 days. Similarly, in the QT group rats were administered saline ip once, followed by QT at a dose of 20
mg/kg, orally for 21 days. In the CP and CP+QT groups, rats were given single dose of CP (7 mg/kg, ip) and
followed by orally saline and QT for 21 days, respectively. The doses of cisplatin and quercetin are based on
the previous studies [7,29]. After 21 days of treatment, animals were decapitated and tissue (kidney, bladder,
corpus cavernosum and testis) samples were taken.

Oxidative damage and apoptosis measurements were made in tissues by the analyses of
malondiladehyde (MDA), glutathione (GSH), superoxide dismutase (SOD), caspase-3 and DNA oxidation.

5.3. Biochemical analysis

The kidney, bladder, testicle and cavernosum tissues were removed immediately after decapitation,
were washed with saline, and dried. The method of Beuge and Aust [30] was used for MDA determination
and Beutler method [31] was used for GSH. 10% homogenates of tissues were prepared with 150 mM KCl
solution using Ika Werk homogenizer on ice.

8-hydroxy-2'-deoxy-guanosine (Oxi SelectTM Oxidative DNA Damage Elisa Kit, Cell Biolabs, US)
levels, which reflect the oxidative DNA damage, were evaluated in tissue homogenates using commercially
available kits.

Caspase-3 activity assay was performed using the caspase-3 cellular activity assay kit (Calbiochem, San
Diego, CA) according to the manufacturer’s instructions. The DEVDpNA cleavage activity was calculated as
pmol/min/mg protein. Protein concentration in tissue samples was determined using Bradford method [32].

Caspase-3 protein expression was measured directly by Western blot using a monoclonal rat
anticaspase-3 and cleaved caspase-3 (clv-cas3) antibodies. Samples were homogenized with cell lysis buffer
and then centrifuged sample supernatant was collected for determining immunobloting assay. Samples were
resolved on 12% SDS-PAGE and transferred to nitrocellulose membrane. The membrane was blocked with 5%
nonfat skimmed milk powder then washed with TBST and incubated overnight with primary antibody (1:500
monoclonal rat anti-caspase-3 sc-56055; anti-b-actin, sc-47778 from Santa Cruz Biotechnology, clv-casp3 9664
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from Cell Signaling). The membrane was incubated with HRP conjugated secondary antibody for 2 h. After
the incubation, the membrane was developed with chemiluminescence reagents (sc-2048, Santa Cruz
Biotechnology L kit) and exposed to Fuji Super RX fi Im (47410, Tokyo, Japan). Protein bands were analyzed
using “Image ] Programme Optical Density Analysis Software” (NIH, USA). Signals were normalized with
respect to P —actin.

5.4. Histological evaluation

For light microscopy, kidney, urinary bladder, corpus cavernosum and testis samples were fixed in 10%
buffered formalin for 48 h and processed for routine paraffin embedding. Approximately 7-um thick sections
were stained with hematoxylin and eosin (H&E). All of the stained sections were observed and photographed
with a digital camera (Olympus C-5060, Tokyo, Japan) attached to a photomicroscope (Olympus BX51, Tokyo,
Japan). The histological examination was performed by a histologist unaware of the treatment groups.
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